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(57) A neuromimetic stimulating apparatus includes
a feedback detector configured to detect a feedback sig-
nal from a target to be stimulated, a controller configured
to analyze a waveform of the detected feedback signal
and determine a parameter based on the analyzed wave-

form of the detected feedback signal, and a signal gen-
erator configured to generate a stimulus signal corre-
sponding to the detected feedback signal based on the
determined parameter.
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Description

BACKGROUND

1. Field

[0001] The following description relates to a neuromimetic stimulating apparatus and method.

2. Description of Related Art

[0002] A stimulating apparatus applies an electrical stimulation to a body part, for example, a brain, a heart, a stomach,
or a muscle. When the electric stimulation is applied, a predetermined response occurs in the body part. Treatment,
rehabilitation, and aesthetic procedures are performed using the response. Nerves in each body part generate prede-
termined neural signals based on a predetermined situation, and a predetermined physical function may be realized by
the neural signals generated by the nerves. The stimulating apparatus influences the nerves or the neural signals through
the electrical stimulation.

SUMMARY

[0003] This Summary is provided to introduce a selection of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid in determining the scope of the claimed subject matter.
[0004] In one general aspect, a stimulating apparatus includes a feedback detector configured to detect a feedback
signal from a target to be stimulated; a controller configured to analyze a waveform of the detected feedback signal and
determine a parameter based on the analyzed waveform of the detected feedback signal; and a signal generator con-
figured to generate a stimulus signal corresponding to the detected feedback signal based on the determined parameter.
[0005] The controller may be further configured to determine a neural response indicated by the detected feedback
signal based on the analyzed waveform of the detected feedback signal, and determine the parameter based on the
determined neural response.
[0006] The controller may be further configured to determine the neural response indicated by the detected feedback
signal by obtaining the neural response indicated by the detected feedback signal from a data set storing feedback
signals and neural responses mapped to the feedback signals based on the analyzed waveform of the detected feedback
signal.
[0007] The feedback signals stored in the data set may be obtained by exposing the target to environments that induce
the neural responses stored in the data set.
[0008] The controller may be further configured to determine the parameter by obtaining a stimulus signal corresponding
to the determined neural response from a data set storing neural responses and stimulus signals mapped to the neural
responses, and determine the parameter based on the obtained stimulus signal.
[0009] The controller may be further configured to determine a category to which the detected feedback signal belongs
among categories of neural signals, and analyze the waveform of the detected feedback signal by detecting an interval
between peaks in the detected feedback signal.
[0010] The stimulus signal may be effective to induce in the target a physical function corresponding to the stimulus
signal in response to the stimulus signal being applied to the target.
[0011] The stimulus signal may be configured to mimic a neural signal occurring in the target.
[0012] The signal generator may include an analog circuit configured to output an analog signal corresponding to a
waveform of the stimulus signal based on the determined parameter.
[0013] The analog circuit may include capacitors and transistors, and may be further configured to output the analog
signal in response to an input signal corresponding to the determined parameter being applied to any one or any
combination of any two or more of the capacitors and the transistors.
[0014] The capacitors may include a first capacitor and a second capacitor, the first capacitor may be configured to
generate a signal in a first frequency band in the analog signal based on the input signal, and the second capacitor may
be configured to generate pulses having a frequency in a second frequency band on peaks of the signal in the first
frequency based on the input signal.
[0015] The controller may be further configured to determine the parameter to be effective to induce a predetermined
physical function in the target, and the signal generator may be further configured to generate the stimulus signal to be
effective to induce the predetermined physical function in the target based on the determined parameter.
[0016] In another general aspect, a stimulating method includes detecting a feedback signal from a target to be
stimulated; analyzing a waveform of the detected feedback signal; determining a parameter based on the analyzed
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waveform of the detected feedback signal; and generating a stimulus signal corresponding to the detected feedback
signal based on the determined parameter.
[0017] The stimulating method may further include determining a neural response indicated by the detected feedback
signal based on the analyzed waveform of the detected feedback signal, and the determining of the parameter may
include determining the parameter based on the determined neural response.
[0018] The determining of the neural response indicated by the detected feedback signal may include obtaining the
neural response indicated by the detected feedback signal from a data set storing feedback signals and neural responses
mapped to the feedback signals based on the analyzed waveform of the detected feedback signal.
[0019] The determining of the parameter may further include determining the parameter by obtaining a stimulus signal
corresponding to the determined neural response from a data set storing neural responses and stimulus signals mapped
to the neural responses; and determining the parameter based on the obtained stimulus signal.
[0020] The analyzing of the waveform of the detected feedback signal may include determining a category to which
the detected feedback signal belongs among categories of neural signals; and detecting an interval between peaks in
the detected feedback signal.
[0021] The generating of the stimulus signal may include inputting an input signal corresponding to the determined
parameter into an analog circuit configured to output an analog signal corresponding to a waveform of the stimulus signal
in response to the input signal.
[0022] The determining of the parameter may include determining the parameter to be effective to induce a predeter-
mined physical function in the target, and the generating of the stimulus signal may include generating the stimulus
signal to be effective to induce the predetermined physical function in the target based on the determined parameter.
[0023] In another general aspect, a non-transitory computer-readable medium stores instructions that, when executed
by a processor, cause the processor to perform the stimulating method of claim described above.
[0024] In another general aspect, a stimulating apparatus includes a feedback detector configured to detect a feedback
signal from a target to be stimulated; a memory configured to store instructions; a processor configured to execute the
instructions stored in the memory to configure the processor to analyze the detected feedback signal to determine a
stimulus signal to be applied to the target, and determine a parameter to be used to generate the stimulus signal; and
a signal generator configured to generate the stimulus signal based on the parameter.
[0025] The processor may be further configured to analyze the detected feedback signal to determine a neural response
indicated by the detected feedback signal, and determine, as the stimulus signal, a stimulus signal effective to induce
in the target a physical function corresponding to the neural response in response to the stimulus signal being applied
to the target.
[0026] The processor may be further configured to determine the neural response and the stimulus signal by referring
to a data set storing feedback signals and corresponding neural responses, physical functions, and stimulus signals
mapped to the feedback signals.
[0027] The processor may be further configured to determine a first parameter related to a waveform of the stimulus
signal, and a second parameter related to a level of the stimulus signal, and the signal generator may be further configured
to generate the stimulus signal based on the first parameter and the second parameter.
[0028] The processor may be further configured to analyze a waveform of the detected feedback signal to determine
a neural response indicated by the detected feedback signal, in response to the neural response indicating a need to
change a hormone level in the target, determine, as the stimulus signal, a first stimulus signal having a waveform different
from the waveform of the detected feedback signal, the waveform of the first stimulus signal being effective to change
the hormone level in the target in response to the first stimulus signal being applied to the target, and in response to the
neural response indicating a motor nerve is to be actuated in the target, determine, as the stimulus signal, a second
stimulus signal having a waveform substantially the same as the waveform of the detected feedback signal, the waveform
of the second signal being effecting to activate the motor nerve in the target in response to the second stimulus signal
being applied to the target.
[0029] Other features and aspects will be apparent from the following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1 illustrates an example of a neuromimetic stimulating system.

FIG. 2 is a block diagram illustrating an example of a stimulating apparatus.

FIG. 3 illustrates an example of a data set.



EP 3 459 590 A1

4

5

10

15

20

25

30

35

40

45

50

55

FIG. 4 illustrates an example of categories of neural signals.

FIG. 5 illustrates an example of criteria for analyzing a neural signal.

FIG. 6 is a block diagram illustrating an example of a feedback detector.

FIG. 7 is a block diagram illustrating an example of a signal generator.

FIG. 8 is a circuit diagram illustrating an example of an analog circuit.

FIG. 9 illustrates an example of inputs and outputs of an analog circuit.

FIG. 10 illustrates an example of a stimulating apparatus used to assist a cut nerve.

FIG. 11 illustrates an example of a stimulating apparatus used as an electronic medicine device.

FIG. 12 illustrates an example of a cooperative operation between a plurality of stimulating apparatuses.

FIG. 13 is a flowchart illustrating an example of a stimulating method.

FIG. 14 is a block diagram illustrating an example of a controller of a stimulating apparatus.

[0031] Throughout the drawings and the detailed description, the same reference numerals refer to the same elements.
The drawings may not be to scale, and the relative size, proportions, and depiction of elements in the drawings may be
exaggerated for clarity, illustration, and convenience.

DETAILED DESCRIPTION

[0032] The following detailed description is provided to assist the reader in gaining a comprehensive understanding
of the methods, apparatuses, and/or systems described herein. However, various changes, modifications, and equiva-
lents of the methods, apparatuses, and/or systems described herein will be apparent after an understanding of the
disclosure of this application. For example, the sequences of operations described herein are merely examples, and
are not limited to those set forth herein, but may be changed as will be apparent after an understanding of the disclosure
of this application, with the exception of operations necessarily occurring in a certain order. Also, descriptions of features
that are known in the art may be omitted for increased clarity and conciseness.
[0033] The features described herein may be embodied in different forms, and are not to be construed as being limited
to the examples described herein. Rather, the examples described herein have been provided merely to illustrate some
of the many possible ways of implementing the methods, apparatuses, and/or systems described herein that will be
apparent after an understanding of the disclosure of this application.
[0034] Although terms such as "first," "second," and "third" may be used herein to describe various members, com-
ponents, regions, layers, or sections, these members, components, regions, layers, or sections are not to be limited by
these terms. Rather, these terms are only used to distinguish one member, component, region, layer, or section from
another member, component, region, layer, or section. Thus, a first member, component, region, layer, or section referred
to in examples described herein may also be referred to as a second member, component, region, layer, or section
without departing from the teachings of the examples.
[0035] The terminology used herein is for describing various examples only, and is not to be used to limit the disclosure.
The articles "a," "an," and "the" are intended to include the plural forms as well, unless the context clearly indicates
otherwise. The terms "comprises," "includes," and "has" specify the presence of stated features, numbers, operations,
members, elements, components, and/or combinations thereof, but do not preclude the presence or addition of one or
more other features, numbers, operations, members, elements, components, and/or combinations thereof.
[0036] Unless otherwise defined, all terms, including technical and scientific terms, used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which the disclosure of this application pertains based on
an understanding of the disclosure of this application. Terms, such as those defined in commonly used dictionaries, are
to be interpreted as having a meaning that is consistent with their meaning in the context of the relevant art and the
disclosure of this application, and are not to be interpreted in an idealized or overly formal sense unless expressly so
defined herein.
[0037] FIG. 1 illustrates an example of a neuromimetic stimulating system. Referring to FIG. 1, a stimulating apparatus
110 detects a feedback signal from a target 120 to be stimulated, and applies a stimulus signal to the target 120 based
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on the detected feedback signal.
[0038] Examples of the target 120 include a body part such as a brain, a heart, a stomach, or a muscle, a cell in the
body part, or a nerve in the body part, but the target 120 is not limited thereto. Furthermore, the target 120 corresponds
to a unit of a cell, a tissue, or an organ. For example, the target 120 is any one of a brain cell, a brain tissue, and the
brain itself. The target 120 uses neural signals to exchange information in a body, or to realize a physical function. The
stimulating apparatus 110 detects a neural signal generated by the target 120 as the feedback signal, and applies the
stimulus signal to the target 120 to act as the neural signal.
[0039] Detection of the feedback signal from the target 120 includes detection of a feedback signal in a periphery of
the target 120 to detect the feedback signal from the target 120. In one example, the stimulating apparatus 110 detects
a feedback signal in a periphery of a vagus nerve to detect a feedback signal from the vagus nerve. Application of the
stimulus signal to the target 120 includes application of a stimulus signal to a periphery of the target 120 to apply the
stimulus signal to the target 120. In one example, the stimulating apparatus 110 applies a stimulus signal to a periphery
of a stomach tissue to apply the stimulus signal to the stomach tissue.
[0040] The stimulating apparatus 110 stimulates the target 120 for treatment, rehabilitation, and aesthetic purposes.
For example, the stimulating apparatus 110 is used as a medical device, for example, a deep brain stimulator, a pace-
maker, an electrical muscle stimulator, a physical therapy device, or an electric needle. The electrical muscle stimulator
and the electric needle may be used for a medical purpose, a health care purpose such as relaxation of muscles, or an
aesthetic purpose such as growth of muscles, correction of muscle shapes, or lipolysis. Such a medical device is attached
to a body or inserted into the body to apply a stimulus signal to the body. In another example, the stimulating apparatus
110 is also used for a cosmetic purpose such as skin care or scar repair.
[0041] The target 120 generates a neural signal having a predetermined meaning when the target is exposed to a
predetermined environment. For example, in a case in which food is ingested, the target 120 generates a neural signal
to secrete a digestive fluid. A response appearing as a neural signal when the target 120 is exposed to a predetermined
environment is referred to as a neural response. Different neural responses are generated when the target 120 is exposed
to different environments. A neural signal having a predetermined waveform is generated based on a neural response.
The stimulating apparatus 110 determines a neural response corresponding to the feedback signal by analyzing a
waveform of the feedback signal.
[0042] The stimulating apparatus 110 extracts a feature point from the feedback signal, and analyzes the waveform
of the feedback signal based on the extracted feature point. The stimulating apparatus 110 extracts the feature point
from the feedback signal to reflect a feature of the waveform of the feedback signal. In one example, the neural signal
is classified based on an interval between peaks in the neural signal. The stimulating apparatus 110 analyzes the
waveform of the feedback signal by extracting the feature point from the peaks of the feedback signal. In another example,
the stimulating apparatus 110 extracts the feature point at a predetermined sampling rate such that the entire waveform
of the feedback signal is represented by the extracted feature points.
[0043] The neural signal is classified as one of predetermined categories of neural signals based on the waveform of
the feedback signal. For example, the neural signal is classified as a tonic type signal, an adapting type signal, a transient
type signal, a chattering type signal, a bursting type signal, a low threshold type signal, a regular type signal, a fast type
signal, or a resonator type signal. These categories are merely an example of the predetermined categories, and the
predetermined categories may include other types of neural signals. The stimulating apparatus 110 determines a category
to which the feedback signal belongs among the plurality of categories, and analyzes the waveform of the feedback
signal based on the determined category.
[0044] In addition, the waveform of the feedback signal is analyzed based on a signal level, a duration, a number of
peaks, a number of clusters, a resonation, or a bursting. The stimulating apparatus 110 interprets the neural response
corresponding to the feedback signal by analyzing the waveform of the feedback signal.
[0045] The stimulating apparatus 110 uses a pre-constructed data set to interpret a neural response occurring in the
target 120 through the feedback signal. The data set stores feedback signals and neural responses mapped to the
feedback signals. The data set is constructed by mapping, to a predetermined neural response, a feedback signal
obtained when exposing the target 120 to an environment that induces the predetermined neural response. For example,
a feedback signal obtained when the target 120 ingests food is mapped to a neural response of digestive fluid secretion.
The stimulating apparatus 110 determines a neural response corresponding to the feedback signal detected from the
target 120 by referring to the data set. In the above example, the stimulating apparatus 110 analyzes the feedback signal
generated by the target 120 through the data set, and determines that the corresponding feedback signal induces
digestive fluid secretion.
[0046] The stimulating apparatus 110 generates the stimulus signal based on a result of analyzing the feedback signal.
For example, the stimulating apparatus 110 generates the stimulus signal to induce a physical function intended through
the detected feedback signal in the target 120. The physical function intended through the detected feedback signal is
a same function as the neural response triggering the detected feedback signal, or a function associated with the
corresponding neural response. Thus, the stimulating apparatus 110 generates a stimulus signal having a waveform



EP 3 459 590 A1

6

5

10

15

20

25

30

35

40

45

50

55

that is the same as the waveform of the feedback signal, or generates a stimulus signal having a waveform that is
different from the waveform of the feedback signal. For example, in a case in which a feedback signal to induce a motor
function is detected, the stimulating apparatus 110 generates a stimulus signal having a waveform that is the same as
the waveform of the feedback signal. This operation is used to assist a cut motor nerve. In a case in which a feedback
signal corresponding to food ingestion is detected as in the above example, the stimulating apparatus 110 generates a
stimulus signal for insulin secretion. The waveform of the feedback signal corresponding to food ingestion is different
from a waveform of the stimulus signal for insulin secretion.
[0047] The stimulating apparatus 110 generates the stimulus signal using the pre-constructed data set. The data set
stores a stimulus signal mapped to each neural response. For example, the data set stores a stimulus signal to activate
a motor nerve by mapping the stimulus signal to a motor nerve activation response, and stores a stimulus signal for
insulin secretion by mapping the stimulus signal to a food ingestion response. When the neural response corresponding
to the feedback signal is determined to be the motor nerve activation response, the stimulating apparatus 110 generates
the stimulus signal to activate the motor nerve by referring to the data set. When the neural response corresponding to
the feedback signal is determined to be the food ingestion response, the stimulating apparatus 110 generates the stimulus
signal for insulin secretion by referring to the data set.
[0048] To activate the intended physical function in the target 120, the stimulus signal needs to be generated in a form
of a neural signal of the natural world. In a case of using a square wave as the stimulus signal, although a predetermined
influence will be applied to the target 120, it may be difficult to activate the intended physical function in the target 120
using the square wave. For example, a feeling of hunger may be suppressed by interrupting a neural signal that triggers
a feeling of hunger occurring in the target 120 by applying a square wave as the stimulus signal. However, it is difficult
to activate a physical function such as glucagon secretion in the target 120 using a square wave as the stimulus signal.
[0049] A neural signal of the natural world exists in a form of an irregular analog signal including a number of peaks.
The stimulating apparatus 110 activates the intended physical function in the target 120 by mimicking the neural signal
of the natural world, that is, the neural signal occurring in the target 120. In one example, the stimulating apparatus 110
generates the stimulus signal using an analog circuit. The analog circuit is designed based on a mathematical model to
mimic the neural signal of the natural world. The stimulating apparatus 110 applies a predetermined input signal to the
analog circuit to generate a stimulus signal having a desired waveform, and the analog circuit generates the stimulus
signal based on the applied input signal. The analog circuit does not operate at a high frequency or require a large
memory, and thus operates using a low power and is implemented in a small size.
[0050] As described above, the stimulating apparatus 110 detects a feedback signal, and generates a stimulus signal
corresponding to the detected feedback signal. In another example, the stimulating apparatus 110 generates a stimulus
signal without detecting a feedback signal. For example, in a case requiring a predetermined stimulus signal for muscle
recovery, the stimulating apparatus 110 continuously applies the stimulus signal to the target 120 irrespective of detection
of a feedback signal. In this example, the stimulating apparatus 110 obtains a parameter to generate the stimulus signal
from a pre-stored data set, and generates the stimulus signal based on the obtained parameter.
[0051] FIG. 2 is a block diagram illustrating an example of a stimulating apparatus. Referring to FIG. 2, a stimulating
apparatus 200 includes a feedback detector 210, a controller 220, and a signal generator 250. The stimulating apparatus
200 may also include either one or both of a memory 230 and a communication module 240.
[0052] The feedback detector 210 detects a neural signal occurring in a target to be stimulated as a feedback signal.
A position at which the feedback signal is detected in the target is referred to as a measurement point. The measurement
point is a position at which the neural signal occurs in the target, or a periphery of the position at which the neural signal
occurs in the target. The measurement point may be spaced apart from a position to which a stimulus signal is applied.
The feedback detector 210 detects the feedback signal from a skin of the target, an internal organ of the target, or an
internal tissue of the target. The feedback detector 210 detects the feedback signal from the target through an electrode
or a patch through which electricity flows.
[0053] The feedback detector 210 filters and amplifies the detected feedback signal, and transmits the processed
feedback signal to the controller 220. For example, the feedback detector 210 filters high-frequency noise and low-
frequency noise out of the detected feedback signal, and amplifies a medium frequency band of the feedback signal.
The high-frequency noise includes white noise generated a vibration occurring during an operation of the stimulating
apparatus 200, and the low-frequency noise includes noise generated by a movement of the stimulating apparatus 200
or an impact applied to the stimulating apparatus 200.
[0054] The controller 220 analyzes a waveform of the feedback signal, and determines a parameter to be used to
generate a stimulus signal based on the analyzed waveform of the feedback signal. The controller 220 analyzes the
waveform of the feedback signal by extracting feature points from the feedback signal, and uses a category of the
feedback signal, an interval between peaks, a signal level, a duration, a number of peaks, a number of clusters, a
resonation, or a bursting for the analysis.
[0055] The parameter is associated with a waveform of the stimulus signal. For example, a neural signal is classified
as one of predetermined categories of neural signals based on its waveform. The parameter is determined so that the
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stimulus signal belongs to one of the categories. Furthermore, the parameter determines a level of the stimulus signal,
a duration, a number of peaks, an interval between peaks, a number of clusters, a resonation, or a bursting.
[0056] The controller 220 includes a hardware module and/or a processor. The controller 220 executes instructions
stored in the memory 230 or an internal memory (not shown) of the controller 220, or instructions received through the
communication module 240, to perform the operations described in this application. The controller 220 determines the
parameter by referring to a pre-constructed data set. The data set stores feedback signals, neural responses, and
stimulus signals that are mapped to each other. The controller 220 identifies a neural response corresponding to the
feedback signal detected by the feedback detector 210 by referring to the data set, and determines the parameter to
generate the stimulus signal corresponding to the identified neural response.
[0057] The controller 220 obtains the data set from the memory 230 and/or the communication module 240. In one
example, the memory 230 stores the pre-constructed data set, and the controller 220 accesses the data set stored in
the memory 230. In another example, the data set is stored in an external device, and the controller 220 accesses the
data set stored in the external device through the communication module 240.
[0058] The signal generator 250 generates the stimulus signal corresponding to the feedback signal based on the
determined parameter. For example, the controller 220 applies an input signal corresponding to the determined parameter
to the signal generator 250, and the signal generator 250 generates the stimulus signal based on the applied input signal.
The signal generator 250 includes an analog circuit and a driver circuit. The analog circuit outputs an analog signal
corresponding to a waveform of the stimulus signal based on the input signal, and the driver circuit outputs the stimulus
signal by adjusting a level of the analog signal based on the input signal.
[0059] FIG. 3 illustrates an example of a data set. Referring to FIG. 3, a data set 300 stores information related to a
feedback signal 310, a neural response 320, a physical function 330, and a stimulus signal 340. As one example, FIG.
3 illustrates feedback signals 311 through 313, neural responses of "digestive fluid secretion", "hunger state", and "motor
nerve activation", and physical functions of "insulin secretion", "thyroxine increase", "glucagon secretion", and "thyroxine
decrease", and "motor nerve activation", and stimulus signals 341 through 345. However, the feedback signal 310, the
neural response 320, the physical function 330, and the stimulus signal are not limited to the examples in FIG. 3, and
the data set 300 may include various other feedback signals 310, neural responses 320, physical functions 330, and
stimulus signals 340. The data set 300 is stored in a memory of a stimulating apparatus or an external device. The
stimulating apparatus obtains the data set 300 from the memory of the stimulating apparatus, or obtains the data set
300 by accessing the external device through a communication module of the stimulating apparatus.
[0060] The data set 300 stores mapping information between the feedback signal 310 and the neural response 320.
For example, the feedback signal 311 is mapped to the neural response of "digestive fluid secretion", the feedback signal
312 is mapped to the neural response of "hunger state", and the feedback signal 313 is mapped to the neural response
of "motor nerve activation". The stimulating apparatus determines a neural response corresponding to a feedback signal
detected from a target to be stimulated by referring to the mapping information.
[0061] A waveform of the feedback signal 310 and the mapping information between the feedback signal 310 and the
neural response 320 are determined experimentally. For example, the feedback signal 310 obtained by exposing the
target to an environment that induces the neural response 320 is mapped to the neural response 320 in the data set
300. The feedback signal 311 obtained in a state of food ingestion is mapped to the neural response of "digestive fluid
secretion", and the feedback signal 312 obtained in a hunger state is mapped to the neural response of "hunger state".
[0062] The data set 300 also stores mapping information between the neural response 320 and the physical function
330. A predetermined function to be induced in the target based on the neural response 320 is stored as the physical
function 330. For example, in a case in which a first physical function is to be induced based on a first neural response
corresponding to a first feedback signal, the first neural response is mapped to the first physical function in the data set
300. When the first feedback signal is detected from the target, the stimulating apparatus generates a first stimulus
signal to induce the first physical function in the target.
[0063] A single neural response is mapped to one or more physical functions. For example, the neural response of
"digestive fluid secretion" is mapped to the physical function of "insulin secretion" and the physical function of "thyroxine
increase", and the neural response of "hunger state" is mapped to the physical function of "glucagon secretion" and the
physical function of "thyroxine decrease". Furthermore, in a case in which a stimulus signal having a waveform that is
the same as the waveform of the detected feedback signal is to be provided, the neural response 320 and the physical
function 330 are mapped as the same type signal. For example, the neural response of "motor nerve activation" is
mapped to the physical function of "motor nerve activation". The same type signals of "motor nerve activation" may be
used to assist a cut motor nerve.
[0064] The data set 300 also stores mapping information between the physical function 330 and the stimulus signal
340. The stimulus signal 340 is obtained in advance from the target in a situation in which the physical function 330 is
induced in the target. For example, the stimulus signal 341 is obtained in a situation in which insulin is secreted in the
target, and the stimulus signal 342 is obtained in a situation in which thyroxine is increased in the target. Similarly, the
stimulus signal 343 is obtained in a situation in which glucagon is secreted in the target, the stimulus signal 344 is
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obtained in a situation in which thyroxine is decreased in the target, and the stimulus signal 345 is obtained in a situation
in which motor nerve activation is induced in the target.
[0065] Thus, when a predetermined feedback signal is detected from the target, the stimulating apparatus generates
a stimulus signal corresponding to the detected feedback signal by referring to the data set 300. Furthermore, in response
to application of the generated stimulus signal to the target, a physical function corresponding to the stimulus signal is
induced in the target.
[0066] FIG. 4 illustrates an example of categories of neural signals. Referring to FIG. 4, categories 400 of neural
signals include a tonic type, an adapting type, a transient type, a chattering type, a bursting type, a low threshold type,
a regular type, a fast type, and a resonator type. However, the categories 400 illustrated in FIG. 4 are merely an example,
and the categories 400 are not limited thereto.
[0067] A tonic type signal exhibits peaks at a regular interval. An adapting type signal exhibits peaks at an interval
that starts out small and gradually increases. A transient type signal exhibits sparse peaks at an irregular interval. A
chattering type signal exhibits clusters of peaks, the clusters being spaced at a regular interval.
[0068] A bursting type signal includes a bursting section in which peaks are concentrated in comparison to other
sections. A low threshold type signal includes relatively fine peaks. A regular type signal includes peaks at a regular
interval, and includes a fewer number of peaks than the tonic type signal. A fast type signal includes exceedingly fine
peaks, and includes a greater number of peaks than the low threshold type signal. A resonator type signal includes a
resonator section including a temporary wave before peaks appear.
[0069] The stimulating apparatus analyzes a feedback signal by referring to the categories 400. For example, the
stimulating apparatus determines a category to which the feedback signal belongs among the categories 400, determines
a feature of the feedback signal, and analyzes the waveform of the feedback signal based on the determined feature.
Examples of a feature of the feedback signal include an interval between peaks, a signal level, a duration, a number of
peaks, and a number of clusters, but the feature is not limited thereto. Furthermore, the stimulating apparatus generates
a stimulus signal by referring to the categories 400. For example, the stimulating apparatus generates the stimulus signal
by determining a category to which the stimulus signal belongs among the categories 400, and determines a feature of
the stimulus signal.
[0070] FIG. 5 illustrates an example of criteria for analyzing a neural signal. Referring to FIG. 5, a stimulating apparatus
analyzes a neural signal based on various criteria. A neural signal has a regular pattern. Neural signals 510 through
540 each show a single cycle of a regular pattern. Furthermore, criteria for analyzing the neural signals 510 through 540
are used to analyze a feedback signal or to generate a stimulus signal. The criteria for analyzing a neural signal illustrated
in FIG. 5 are merely an example, and the criteria are not limited thereto.
[0071] In one example, the stimulating apparatus determines a frequency count of peaks and a duration in the neural
signal 510. The duration is a duration of a single cycle of the neural signal 510. In another example, the stimulating
apparatus analyzes an interval between the peaks and a frequency at which the peaks appear, instead of the frequency
count of the peaks or in addition to the frequency count of the peaks. The interval between the peaks in the neural signal
510 is a constant interval. Thus, the neural signal 510 is classified as a tonic type signal or a regular type signal. Whether
the neural signal 510 is a tonic type signal or a regular type signal is determined based on the frequency count of the
peaks included in the neural signal 510.
[0072] The stimulating apparatus determines a presence of clusters, an interval between the clusters, and a number
of the clusters in the neural signal 520. The neural signal 520 includes a number of clusters, and an interval between
the clusters is a constant interval. Thus, the neural signal 520 is classified as a chattering type signal. The stimulating
apparatus detects a bursting section in the neural signal 530, and classifies the neural signal 530 as a bursting type
signal. The stimulating apparatus detects a resonator section in the neural signal 540, and classifies the neural signal
540 as a resonator type signal.
[0073] Similarly to the neural signal 510, the stimulating apparatus analyzes each of the neural signals 520, 530, and
540 by detecting a frequency count of peaks, an interval between the peaks, a frequency at which the peaks appear,
and a duration in each of the neural signals 520, 530, and 540.
[0074] FIG. 6 is a block diagram illustrating an example of a feedback detector. Referring to FIG. 6, a feedback detector
600 includes a high-cut filter 610, a medium frequency amplifier 620, a low-cut filter 630, a variable amplifier 640, and
an analog-to-digital converter (ADC) 650.
[0075] The high-cut filter 610 blocks high-frequency noise in a feedback signal. The high-frequency noise includes
white noise generated by a vibration occurring during an operation of a stimulating apparatus. The medium frequency
amplifier 620 amplifies a signal level of a medium frequency band in an output signal of the high-cut filter 610. The
medium frequency band is predetermined based on a frequency of a neural signal. The low-cut filter 630 blocks low-
frequency noise in an output signal of the medium frequency amplifier 620. The low-frequency noise includes noise
generated by a movement of the stimulating apparatus or an impact applied to the stimulating apparatus. The variable
amplifier 640 amplifies an output signal of the low-cut filter 630 to a level suitable for analyzing the feedback signal. The
ADC 650 converts an output signal of the variable amplifier 640 into a digital signal and outputs the digital signal.
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[0076] FIG. 7 is a block diagram illustrating an example of a signal generator. Referring to FIG. 7, a signal generator
700 includes an analog circuit 710 and a driver circuit 720.
[0077] As described above, a controller of a stimulating apparatus analyzes a waveform of a feedback signal, and
determines a parameter based on the waveform of the feedback signal. The parameter is determined for use in generating
a stimulus signal corresponding to the feedback signal, and includes a first parameter related to a waveform of the
stimulus signal and a second parameter related to a level of the stimulus signal. The controller transmits an input signal
to the analog circuit 710 and the driver circuit 720 based on the determined parameters. The input signal includes a first
input signal corresponding to the first parameter and a second input signal corresponding to the second parameter.
[0078] The analog circuit 710 outputs an analog signal corresponding to the waveform of the stimulus signal based
on the first input signal. The analog circuit 710 is designed based on a mathematical model to mimic a neural signal of
the natural world, and includes various analog devices that include capacitors and transistors. For example, the analog
circuit 710 is designed based on a mathematical model such as a Hodgkin-Huxley model, an Izhikevich model, a Wilson
model, a FitzHugh-Nagumo model, or a leaky integrate-and-fire (LIF) model. The analog circuit 710 outputs the analog
signal in response to the input signal corresponding to the parameters determined by the controller being applied to any
one or any combination any two or more of the capacitors and the transistors.
[0079] The analog circuit 710 does not operate at a high frequency or require a large memory, and thus operates
using a low power and is implemented in a small size in comparison to a digital circuit. When the analog circuit 710 is
used, a device such as an electronic medicine device requiring a long-term operation and a small size is implemented.
[0080] The driver circuit 720 adjusts a level of the analog signal based on the second input signal. The driver circuit
720 includes an operating electrode driver 730, a counter electrode driver 740, and a charge balancer 750. The operating
electrode driver 730 and the counter electrode driver 740 receive an operating voltage, and output a stimulus signal by
adjusting the level of the analog signal based on the second input signal. The charge balancer 750 supplies or outputs
an electric charge to be used to generate the stimulus signal.
[0081] FIG. 8 is a circuit diagram illustrating an example of an analog circuit. As described above, various mathematical
models may be used to mimic a neural signal of the natural world. Hereinafter, an analog circuit 800 based on an
Izhikevich model will be described. However, a stimulus signal may be generated using another analog circuit based
on the Izhikevich model, or another analog circuit based on another mathematical model.
[0082] Equation 1 below is obtained from the Izhikevich model. 

[0083] In Equation 1, v denotes a membrane potential, v’ denotes dv/dt, u denotes a membrane potential recovery
variable, I denotes a post synaptic input current, c and d denote input values, and 30 mV denotes a threshold value.
Constants in Equation 1 including the threshold value of 30 mV are determined experimentally. According to Equation
1, if the membrane potential v is greater than or equal to the threshold value of 30 mV, the membrane potential v is reset
to be equal to the input value c, and the membrane potential recovery variable u is reset to be equal to a sum of the
membrane potential recovery variable u and the input value d. Thus, the membrane potential v and the membrane
potential recovery variable u are determined based on the input values c and d.
[0084] The analog circuit 800 is designed based on Equation 1. Referring to FIG. 8, the analog circuit 800 includes
capacitors Cv and Cu, and transistors M1 through M14. The analog circuit 800 generates an output signal Spike Out
based on the input signals c, d, and Post Synaptic Input, a threshold signal Vth, and a bias signal Vbias. The output
signal Spike Out corresponds to the analog signal described above. The input signals c and d correspond to the input
values c and d of Equation 1, the input signal Post Synaptic Input corresponds to the post synaptic input current I of
Equation 1, and the threshold signal Vth corresponds to the threshold value 30 mV of Equation 1. Device values of the
capacitors Cv and Cu and the transistors M1 through M14 are determined based on the constants of Equation 1.
[0085] The capacitors Cv and Cu influence two elements of a waveform of the output signal Spike Out. In detail, the
capacitor Cv influences the membrane potential, and the capacitor Cu influences the membrane potential recovery
variable. In the analog circuit 800, the transistors M1 through M5 are parts related to the membrane potential, the
transistors M1, M2, and M6 through M8 are parts related to the membrane potential recovery variable, and the transistors
M9 through M14 are comparator parts. For ease of description, the parts related to the membrane potential recovery
variable will be referred to as the recovery parts.
[0086] In the parts related to the membrane potential, a result of subtracting a leakage current provided by the transistor
M4 from a sum of a current of the input signal Post Synaptic Input and a current provided by the transistor M3 is
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accumulated in the capacitor Cv, and the membrane potential is determined by the capacitor Cv. When the membrane
potential reaches the input signal Vth, the comparator parts generate a first pulse that turns on the transistor M5 temporarily
to reset the membrane potential to a voltage Vc. The voltage Vc corresponds to the input signal c.
[0087] A difference between a current provided by the transistor M7 and a current provided by the transistor M6 is
accumulated in the capacitor Cu, and the membrane potential recovery variable is determined by the capacitor Cu. For
ease of description, the membrane potential recovery variable will be referred to as a recovery variable. When the
membrane potential reaches the threshold value, the comparator parts generate a second pulse that turns on the
transistor M8 temporarily. When the transistor M8 is turned on, a surplus charge is accumulated in the capacitor Cu,
which increases the recovery variable. An increase in the recovery variable is determined by the input signal d.
[0088] The threshold signal Vth and the bias signal Vbias respectively correspond to a threshold value and a bias
voltage of the recovery parts. When the membrane potential reaches a value of the threshold signal Vth, the comparator
parts generate the first pulse and the second pulse, the first pulse resets the parts related to the membrane potential,
and the second pulse resets the recovery parts.
[0089] The waveform of the output signal Spike Out is determined based on an increase and a decrease of the
membrane potential, and an increase and a decrease of the recovery variable. The output signal Spike Out includes a
wave of a first frequency band, and pulses of a second frequency band on peaks within the wave of the first frequency
band. The first frequency band is lower than the second frequency band. The wave of the first frequency band is formed
by the capacitor Cu based on the input signals c and d, and the pulses of the second frequency band are formed by the
capacitor Cv based on the input signals c and d.
[0090] The waveform of the stimulus signal is determined based on the output signal Spike Out, and a signal generator
generates the stimulus signal by appropriately adjusting a level of the output signal Spike Out.
[0091] FIG. 9 illustrates an example of inputs and outputs of an analog circuit. Referring to FIG. 9, graphs 910 and
930 show inputs of an analog circuit, and graphs 920 and 940 show outputs of the analog circuit in response to the
corresponding inputs.
[0092] The graph 910 includes inputs C1 and C2, and the graph 930 includes inputs R1 and R2. Each of the inputs
C1, C2, R1, and R2 corresponds to a different combination of parameters c and d as indicated by the vertical and
horizontal axes of the graphs 910 and 930. The parameters c and d correspond to the input signals c and d described
with reference to FIG. 8. The graph 920 includes a waveform generated by the input C1 and a waveform generated by
the input C2, and the graph 940 includes a waveform generated by the input R1 and a waveform generated by the input
R2. Signals PSI shown in the graphs 920 and 940 correspond to the input signal Post Synaptic Input described with
reference to FIG. 8.
[0093] Referring to the graph 920, a chattering type waveform is generated by the input C1 and the input C2, and a
detailed form of the waveform is adjusted based on a value of the input C1 and a value of the input C2. Furthermore,
referring to the graph 940, a regular type waveform is generated by the input R1 and the input R2, and a detailed form
of the waveform is adjusted based on a value of the input R1 and a value of the input R2. Thus, a category of the stimulus
signal and a detailed form of the stimulus signal are adjusted by the input signals c and d in the example of FIG. 8.
[0094] FIG. 10 illustrates an example of a stimulating apparatus used to assist a cut nerve. Referring to FIG. 10, a
stimulating apparatus 1000 detects a feedback signal from a cut nerve before a cut in the nerve, and applies a stimulus
signal to the cut nerve after the cut in the nerve. The detected feedback signal corresponds to a "motor nerve activation"
neural response, and the stimulating apparatus 1000 generates a stimulus signal corresponding to a "motor nerve
activation" physical function by referring to a pre-constructed data set. As described above, in a case in which there is
a cut nerve, the stimulating apparatus 1000 is used to assist the cut nerve. When the stimulating apparatus 1000 is
implemented as a cut nerve assistance device, the stimulating apparatus 1000 is implanted under a skin of a patient in
a periphery of the cut nerve, and a surface of the stimulating apparatus 1000 may include a titanium material that is
relatively biocompatible with the human body.
[0095] FIG. 11 illustrates an example of a stimulating apparatus used as an electronic medicine device. Referring to
FIG. 11, a stimulating apparatus 1100 detects a feedback signal from a vagus nerve, and applies a stimulus signal to a
pancreatic region. The detected feedback signal corresponds to a "food ingestion" neural response, and the stimulating
apparatus 1100 generates a stimulus signal corresponding to an "insulin secretion" physical function by referring to a
pre-constructed data set. As described above, the stimulating apparatus 1100 is used to activate a predetermined
physical function. When the stimulating apparatus 1100 is implemented as an electronic medicine device, the stimulating
apparatus 1100 is ingested into a human body or implanted into a human body, and a surface of the stimulating apparatus
1100 may include a titanium material that is relatively biocompatible with the human body.
[0096] FIG. 12 illustrates an example of a cooperative operation between a plurality of stimulating apparatuses. Re-
ferring to FIG. 12, a first stimulating apparatus 1210 detects a feedback signal from a first target part 1231 of a target
1230 to be stimulated, and a second stimulating apparatus 1220 applies a stimulus signal to a second target part 1232
of the target 1230. In one example, the first target part 1231 and the second target part 1232 are separated by a
predetermined distance. In this example, the first stimulating apparatus 1210 and the second stimulating apparatus 1220
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exchange desired information through communication. The first stimulating apparatus 1210 detects the feedback signal
at an appropriate position, and the second stimulating apparatus 1220 applies the stimulus signal at an appropriate
position. For example, the first stimulating apparatus 1210 transmits information related to the feedback signal detected
from the first target part 1231 to the second stimulating apparatus 1220, and the second stimulating apparatus 1220
generates the stimulus signal based on the received information related to the feedback signal. The first stimulating
apparatus 1210 and the second stimulating apparatus 1220 each include a communication module to perform commu-
nication. The first stimulating apparatus 1210 and the second stimulating apparatus 1220 may communicate directly
with each other, or may communicate indirectly through an external device.
[0097] FIG. 13 is a flowchart illustrating an example of a stimulating method. Referring to FIG. 13, in operation 1310,
a stimulating apparatus detects a feedback signal from a target to be stimulated. In operation 1320, the stimulating
apparatus analyzes a waveform of the detected feedback signal. In operation 1330, the stimulating apparatus determines
a parameter based on the analyzed waveform of the detected feedback signal. In operation 1340, the stimulating ap-
paratus generates a stimulus signal corresponding to the detected feedback signal based on the determined parameter.
The description provided above with respect to FIGS. 1 through 12 is also applicable to the stimulating method illustrated
in FIG. 13, and thus a duplicate description will be omitted for conciseness.
[0098] FIG. 14 is a block diagram illustrating an example of a block diagram of a controller of a stimulating apparatus.
Referring to FIG. 14, a controller 1400 includes a memory 1410 and a processor 1420, and may be used to implement
the controller 220 of the stimulating apparatus 200 illustrated in FIG. 2, and to perform the operations 1320 and 1330
of the stimulating method illustrated in FIG. 13. The memory 1410 stores instructions that, when executed by the processor
1420, cause the processor 1420 to perform the operations performed by the controller 220 as described with respect to
FIGS. 1-12, and to perform the operations 1320 and 1330 of the stimulating method illustrated in FIG. 13. The descriptions
of FIGS. 1-13 are also applicable to FIG. 14, and thus will not be repeated here.
[0099] The stimulating apparatus 110 in FIG. 1, the stimulating apparatus 200, the feedback detector 210, the controller
220, the memory 230, the communication module 240, and the signal generator 250 in FIG. 2, the feedback detector
600, the high-cut filter 610, the medium frequency amplifier 620, the low-cut filter 630, the variable amplifier 640, and
the analog-to-digital converter (ADC) 650 in FIG. 6, the signal generator 700, the analog circuit 710, the driver circuit
720, the operating electrode driver 730, the counter electrode driver 740, and the charge balancer 750 in FIG. 7, the
analog circuit 800 in FIG. 8, the stimulating apparatus 1000 in FIG. 10, the stimulating apparatus 1100 in FIG. 11, the
first stimulating apparatus 1210 and the second stimulating apparatus 1220 in FIG. 12, and the controller 1400, the
memory 1410, and the processor 1420 in FIG. 14 that perform the operations described in this application are implemented
by hardware components configured to perform the operations described in this application that are performed by the
hardware components. Examples of hardware components that may be used to perform the operations described in
this application where appropriate include controllers, sensors, generators, drivers, memories, comparators, arithmetic
logic units, adders, subtractors, multipliers, dividers, integrators, filters, amplifiers, analog-to-digital converters, transis-
tors, capacitors, and any other electronic components configured to perform the operations described in this application.
In other examples, one or more of the hardware components that perform the operations described in this application
are implemented by computing hardware, for example, by one or more processors or computers. A processor or computer
may be implemented by one or more processing elements, such as an array of logic gates, a controller and an arithmetic
logic unit, a digital signal processor, a microcomputer, a programmable logic controller, a field-programmable gate array,
a programmable logic array, a microprocessor, or any other device or combination of devices that is configured to respond
to and execute instructions in a defined manner to achieve a desired result. In one example, a processor or computer
includes, or is connected to, one or more memories storing instructions or software that are executed by the processor
or computer. Hardware components implemented by a processor or computer may execute instructions or software,
such as an operating system (OS) and one or more software applications that run on the OS, to perform the operations
described in this application. The hardware components may also access, manipulate, process, create, and store data
in response to execution of the instructions or software. For simplicity, the singular term "processor" or "computer" may
be used in the description of the examples described in this application, but in other examples multiple processors or
computers may be used, or a processor or computer may include multiple processing elements, or multiple types of
processing elements, or both. For example, a single hardware component or two or more hardware components may
be implemented by a single processor, or two or more processors, or a processor and a controller. One or more hardware
components may be implemented by one or more processors, or a processor and a controller, and one or more other
hardware components may be implemented by one or more other processors, or another processor and another controller.
One or more processors, or a processor and a controller, may implement a single hardware component, or two or more
hardware components. A hardware component may have any one or more of different processing configurations, ex-
amples of which include a single processor, independent processors, parallel processors, single-instruction single-data
(SISD) multiprocessing, single-instruction multiple-data (SIMD) multiprocessing, multiple-instruction single-data (MISD)
multiprocessing, and multiple-instruction multiple-data (MIMD) multiprocessing.
[0100] The method illustrated in FIG. 13 that performs the operations described in this application is performed by
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hardware components configured to perform the operations described in this application that are performed by the
method. One or more of the operations of the method may be performed by computing hardware, for example, by one
or more processors or computers, implemented as described above executing instructions or software to perform the
operations described in this application that are performed by the methods. For example, a single operation or two or
more operations may be performed by a single processor, or two or more processors, or a processor and a controller.
One or more operations may be performed by one or more processors, or a processor and a controller, and one or more
other operations may be performed by one or more other processors, or another processor and another controller. One
or more processors, or a processor and a controller, may perform a single operation, or two or more operations.
[0101] Instructions or software to control computing hardware, for example, one or more processors or computers, to
implement the hardware components and perform the methods as described above may be written as computer programs,
code segments, instructions or any combination thereof, for individually or collectively instructing or configuring the one
or more processors or computers to operate as a machine or special-purpose computer to perform the operations that
are performed by the hardware components and the methods as described above. In one example, the instructions or
software include machine code that is directly executed by the one or more processors or computers, such as machine
code produced by a compiler. In another example, the instructions or software includes higher-level code that is executed
by the one or more processors or computer using an interpreter. The instructions or software may be written using any
programming language based on the block diagrams and the flow charts illustrated in the drawings and the corresponding
descriptions in the specification, which disclose algorithms for performing the operations that are performed by the
hardware components and the methods as described above.
[0102] The instructions or software to control computing hardware, for example, one or more processors or computers,
to implement the hardware components and perform the methods as described above, and any associated data, data
files, and data structures, may be recorded, stored, or fixed in or on one or more non-transitory computer-readable
storage media. Examples of a non-transitory computer-readable storage medium include read-only memory
[0103] (ROM), random-access memory (RAM), flash memory, CD-ROMs, CD-Rs, CD+Rs, CD-RWs, CD+RWs, DVD-
ROMs, DVD-Rs, DVD+Rs, DVD-RWs, DVD+RWs, DVD-RAMs, BD-ROMs, BD-Rs, BD-R LTHs, BD-REs, magnetic
tapes, floppy disks, magneto-optical data storage devices, optical data storage devices, hard disks, solid-state disks,
and any other device that is configured to store the instructions or software and any associated data, data files, and data
structures in a non-transitory manner and provide the instructions or software and any associated data, data files, and
data structures to one or more processors or computers so that the one or more processors or computers can execute
the instructions. In one example, the instructions or software and any associated data, data files, and data structures
are distributed over network-coupled computer systems so that the instructions and software and any associated data,
data files, and data structures are stored, accessed, and executed in a distributed fashion by the one or more processors
or computers.
[0104] While this disclosure includes specific examples, it will be apparent after an understanding of the disclosure of
this application that various changes in form and details may be made in these examples without departing from the
scope of the claims. The examples described herein are to be considered in a descriptive sense only, and not for purposes
of limitation. Descriptions of features or aspects in each example are to be considered as being applicable to similar
features or aspects in other examples. Suitable results may be achieved if the described techniques are performed in
a different order, and/or if components in a described system, architecture, device, or circuit are combined in a different
manner, and/or replaced or supplemented by other components or their equivalents. Therefore, the scope of the dis-
closure is defined not by the detailed description, but by the claims.

Claims

1. A stimulating apparatus comprising:

a feedback detector configured to detect a feedback signal from a target to be stimulated;
a controller configured to analyze a waveform of the detected feedback signal and determine a parameter based
on the analyzed waveform of the detected feedback signal; and
a signal generator configured to generate a stimulus signal corresponding to the detected feedback signal based
on the determined parameter.

2. The stimulating apparatus of claim 1, wherein the controller is further configured to determine a neural response
indicated by the detected feedback signal based on the analyzed waveform of the detected feedback signal, and
determine the parameter based on the determined neural response.

3. The stimulating apparatus of claim 2, wherein the controller is further configured to determine the neural response
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indicated by the detected feedback signal by obtaining the neural response indicated by the detected feedback
signal from a data set storing feedback signals and neural responses mapped to the feedback signals based on the
analyzed waveform of the detected feedback signal, and wherein the feedback signals stored in the data set are
obtained by exposing the target to environments that induce the neural responses stored in the data set, or
wherein the controller is further configured to determine the parameter by obtaining a stimulus signal corresponding
to the determined neural response from a data set storing neural responses and stimulus signals mapped to the
neural responses, and determine the parameter based on the obtained stimulus signal.

4. The stimulating apparatus of one of claims 1 to 3, wherein the controller is further configured to determine a category
to which the detected feedback signal belongs among categories of neural signals, and analyze the waveform of
the detected feedback signal by detecting an interval between peaks in the detected feedback signal, or
wherein the controller is further configured to determine the parameter to be effective to induce a predetermined
physical function in the target, and the signal generator is further configured to generate the stimulus signal to be
effective to induce the predetermined physical function in the target based on the determined parameter.

5. The stimulating apparatus of one of claims 1 to 4, wherein the stimulus signal is effective to induce in the target a
physical function corresponding to the stimulus signal in response to the stimulus signal being applied to the target, or
wherein the stimulus signal is configured to mimic a neural signal occurring in the target.

6. The stimulating apparatus of one of claims 1 to 5, wherein the signal generator comprises an analog circuit configured
to output an analog signal corresponding to a waveform of the stimulus signal based on the determined parameter,
wherein the analog circuit comprises capacitors and transistors, and
the analog circuit is further configured to output the analog signal in response to an input signal corresponding to
the determined parameter being applied to any one or any combination of any two or more of the capacitors and
the transistors, and
wherein the capacitors comprise a first capacitor and a second capacitor,
the first capacitor is configured to generate a signal in a first frequency band in the analog signal based on the input
signal, and
the second capacitor is configured to generate pulses having a frequency in a second frequency band on peaks of
the signal in the first frequency based on the input signal.

7. A non-transitory computer-readable medium storing instructions that, when executed by a processor, cause the
processor to perform the stimulating method comprising:

detecting a feedback signal from a target to be stimulated;
analyzing a waveform of the detected feedback signal;
determining a parameter based on the analyzed waveform of the detected feedback signal; and
generating a stimulus signal corresponding to the detected feedback signal based on the determined parameter.

8. The computer-readable medium of claim 7, further comprising determining a neural response indicated by the
detected feedback signal based on the analyzed waveform of the detected feedback signal,
wherein the determining of the parameter comprises determining the parameter based on the determined neural
response.

9. The computer-readable medium of claim 8, wherein the determining of the neural response indicated by the detected
feedback signal comprises obtaining the neural response indicated by the detected feedback signal from a data set
storing feedback signals and neural responses mapped to the feedback signals based on the analyzed waveform
of the detected feedback signal, or
wherein the determining of the parameter further comprises:
determining the parameter by obtaining a stimulus signal corresponding to the determined neural response from a
data set storing neural responses and stimulus signals mapped to the neural responses; and determining the
parameter based on the obtained stimulus signal.

10. The computer-readable medium of one of claims 7 to 9, wherein the analyzing of the waveform of the detected
feedback signal comprises:

determining a category to which the detected feedback signal belongs among categories of neural signals; and
detecting an interval between peaks in the detected feedback signal.
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11. The computer-readable medium of one of claims 7 to 10, wherein the generating of the stimulus signal comprises
inputting an input signal corresponding to the determined parameter into an analog circuit configured to output an
analog signal corresponding to a waveform of the stimulus signal in response to the input signal.

12. The computer-readable medium of one of claims 7 to 11, wherein the determining of the parameter comprises
determining the parameter to be effective to induce a predetermined physical function in the target, and
the generating of the stimulus signal comprises generating the stimulus signal to be effective to induce the prede-
termined physical function in the target based on the determined parameter.

13. A stimulating method comprising:

detecting, by a feedback detector, a feedback signal from a target to be stimulated;
storing instructions by a memory;
executing, by a processor, the instructions stored in the memory, wherein the instructions configure the processor
to:

analyze the detected feedback signal to determine a stimulus signal to be applied to the target, and
determine a parameter to be used to generate the stimulus signal; and generating, by a signal generator,
the stimulus signal based on the parameter.

14. The stimulating method of claim 13, wherein the executing by the processor comprises steps of:

analyzing the detected feedback signal to determine a neural response indicated by the detected feedback signal,
determining, as the stimulus signal, a stimulus signal effective to induce in the target a physical function corre-
sponding to the neural response in response to the stimulus signal being applied to the target, and
determining the neural response and the stimulus signal by referring to a data set storing feedback signals and
corresponding neural responses, physical functions, and stimulus signals mapped to the feedback signals.

15. The stimulating method of claim 13 or 14, wherein the executing by the processor comprises determining a first
parameter related to a waveform of the stimulus signal, and a second parameter related to a level of the stimulus
signal, and wherein the step of generating the stimulus signal by the signal generator comprises to generating the
stimulus signal based on the first parameter and the second parameter, and
wherein executing by the processor further comprises:

analyzing a waveform of the detected feedback signal to determine a neural response indicated by the detected
feedback signal,
in response to the neural response indicating a need to change a hormone level in the target, determining, as
the stimulus signal, a first stimulus signal having a waveform different from the waveform of the detected feedback
signal, the waveform of the first stimulus signal being effective to change the hormone level in the target in
response to the first stimulus signal being applied to the target, and
in response to the neural response indicating a motor nerve is to be actuated in the target, determining, as the
stimulus signal, a second stimulus signal having a waveform substantially the same as the waveform of the
detected feedback signal, the waveform of the second signal being effecting to activate the motor nerve in the
target in response to the second stimulus signal being applied to the target.
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